In previous work it was shown that the radius of nucleus R is determined by the α-cluster structure and can be estimated on the number of α-clusters disregarding to the number of excess neutrons. A hypothesis also was made that the radius R m of a β-stable isotope, which is actually measured at electron scattering experiments, is determined by the volume occupied by the matter of the core plus the volume occupied by the peripheral α-clusters. In this paper it is shown that the condition R m = R restricts the number of excess neutrons filling the core to provide the β-stability. The number of peripheral clusters can vary from 1 to 5 and the value of R for heavy nuclei almost do not change, whereas the number of excess neutrons should change with the number of peripheral clusters to get the value of R m close to R. It can explain the path of the β-stability and its width. The radii R m of the stable isotopes with 12 ≤ Z ≤ 83 and the alpha-decay isotopes with 84 ≤ Z ≤ 116 that are stable to β-decay have been calculated.
Introduction
It is well known that the liquid drop model gives a successful formula to calculate the charge radii of stable nuclei in dependence on the number of nucleons in a nucleus R ch ∼ A 1/3 . In Fig. 1 the experimental radii [1, 2, 3, 4, 5] of stable isotopes are shown in dependence on A and Z. The experimental errors which in most of the cases are within an interval from 0.006 Fm to 0.060 Fm, are not presented in the figure. One can see that the values of the radii of nuclids of different isotopes of one element in the graph of the dependance on Z are gathered in short vertical columns, whereas in the other graph the values are scattered around the line R ch ∼ A 1/3 . The charge radii calculated by the following equation
where r ch denotes the average value of the charge radius of one nucleon in a nucleus and r ch = 1.080 Fm for the nuclei with 6 ≤ Z ≤ 11, r ch = 1.012 Fm for 12 ≤ Z ≤ 23, r ch = 0.955 Fm for 24 ≤ Z ≤ 83 have root mean square deviation from the experimental values of the most abundant isotopes < ∆ 2 > 1/2 = 0.067 Fm. The formula to calculate the radii of the nuclei in dependence on Z or in dependence on the number of α-clusters N α is
where N α = Z/2 in case of even Z and in case of odd Z the value of N α + 0.5 is used. Using R α = R 4He = 1.710 Fm [1] for the nuclei with 3 ≤ N α ≤ 5, R α = 1.628 Fm for 6 ≤ N α ≤ 11, R α = 1.600 Fm for 12 ≤ N α ≤ 41 gives < ∆ 2 > 1/2 = 0.054 Fm.
In the both cases three values of r ch and R α have been used. The changing the slope of the functions is explained by the formation of a core, which starts growing from the nucleus with Z = 12, N α = 6. For the nuclei with 12 ≤ Z ≤ 22, 6 ≤ N α ≤ 11, the number of clusters of the core is comparable with the number of peripheral clusters having the size of nucleus 4 He. For the other nuclei with Z ≥ 24, N α ≥ 12, the number of clusters of the core prevails and the mean radius of a core cluster is revealed as to be R α = 1.600 Fm.
It was shown before that the size of a nucleus is determined by the α-cluster structure and the root mean square radius R of a nucleus can be estimated by a few ways on the number of α-clusters in it [6, 7] , disregarding to the number of excess neutrons. One of the ways to estimate R is (2) .
To explain the paradox that both (1) and (2) can well describe the experimental radii R exp the following hypothesis was proposed [8] . The β-stability, which the most abundant isotopes belong to, is provided by the particular number of excess neutrons in the isotope that is needed to fill in the space between the volumes occupied by the charge and the matter of the alpha clusters of the core. The size of an isotope R m is actually determined by the volume occupied by the matter of the core 4/3πR 3 m(core) and the volume occupied by the charge of the N αpr peripheral clusters
The R m(core) is calculated from
where R m(α) stands for the matter radius of a core α-cluster, ∆N denotes the number of excess neutrons filling the core by pairs, nn-pairs, and r m(nn) stands for the radius of one neutron of the pairs. The condition
determines the particular number of excess neutrons in the β-stable isotopes. By fitting the values of the nuclear charge radii of the most abundant isotopes, the value of the radius of one nucleon of α-cluster matter of the core r m(α) = 0.945 Fm, which corresponds to R m(α) = 1.500 Fm, and the value of r m(nn) = 0.840 Fm were found [8] .
In this paper the hypothesis that R m = R provides the β-stability is developed. The root mean square charge radii R of nuclei are calculated by a phenomenological formula [6] with using charge radius of the core and the radius of the peripheral α-cluster position R p in the nucleus. The formula to calculate R p was obtained from an independent analysis of the differences of proton and neutron single particle binding energies in the framework of the α-cluster model based on pn-pair interactions.
In the article it is shown that for the nuclei with Z ≥ 24 the value of R is almost independent of how many of the peripheral clusters N αpr are placed on the surface of the core at the same radius R p from the center of mass N αpr = 1 ÷ 5. However, in order to have the radius of an isotope R m equal to its charge radius R in the case of different numbers of peripheral clusters the different number of excess neutrons is needed. This may explain why the nuclids of different isotopes have close values of their radii and this also explains the width of the narrow path of β-stability.
Size of Nuclei
The radius R of a nucleus is measured in electron scattering experiments as the root mean square radius < r 2 > 1/2 of the charge distribution. The R ch (2) has meaning of < r 3 > 1/3 . The equality < r 3 > 1/3 =< r 2 > 1/2 can be provided by the only condition that the charge density distribution ρ(r) = const, which is in an agreement with the results of analysis of the charge distribution of heavy nuclei, see Fig. 6 .1 [5] . The value of ρ(r) is approximately constant except the peripheral part with the approximately constant thickness t ≈ 2.4 ± 0.3 Fm for all nuclei from 16 O to 208 Pb.
To calculate the charge radius R the following formula is used
where < r 2 > core denotes mean square radius of charge distribution of the core and < r 2 > p denotes the mean square radius of the charge distribution of peripheral clusters. This equation is obtained from the definition of the root mean square radius
where the spherically symmetrical charge density distribution ρ(r), normalized as
is the sum of the charge density distributions of the core ρ core (r) and the peripheral clusters ρ(r) αpr with the corresponding normalization
Eq. (6) is used for calculations of the charge and matter distributions of nuclei in the wave function approach with the single-particle potential model assumed in the shell model [9, 10] in terms of the completed shells and the occupation numbers for the nucleons of the last not completed shell.
Taking into account that for the nuclei with Z ≥ 24, N α ≥ 12, the radius of one core α-cluster R α = 1.600 Fm one can write for the case when N αpr = 4
The phenomenological formula [6] to calculate R p for the nuclei with N α ≥ 12, which has meaning of < r 2 >
Then the equation (6) to calculate the charge radii R becomes
and for odd nuclei R 1 , taking into account that R p1 ≈ R p [6] ,
Eq. (9) and (10) were obtained [6] in the framework of the alpha cluster model of pn-pair interactions from analysis of differences between the experimental values of the binding energies of the last proton and neutron in the nuclei with N = Z. It was shown that using (9) and (10) for the nuclei with Z ≥ 24, N α ≥ 12, gives a good fitting the experimental radii of the nuclids of the most abundant isotopes with < ∆ 2 > 1/2 = 0.050Fm, see, for example Fig. 2 [6] . The deviation between R ch (2) and R (9) and (10) for the nuclei with 24 ≤ Z ≤ 116 < ∆ 2 > 1/2 = 0.028 Fm.
To consider the cases with different amount of peripheral clusters, the equation (6) should be rewritten as
For the nuclei with odd Z
Let us analyze the function
. After simplifying the expression one gets
In Fig This means that R for heavy nuclei does not significantly depend on the number of peripheral clusters N αpr . This explains why the radii calculated in the α-cluster model of completed shells R shl [6] are close to R. In the model a nucleus consists of the α-clusters of completed shells (the nuclei 16 O, 20 Ne, 40 Ca and the nuclei placed in the right side of the Periodic Table of Elements were taken as ones with completed shells) and the number of clusters of the last not completed shell with the radius of their position in the nucleus R p (8 The empirical values of R p in case of the nuclei with N α ≤ 12 were found in the framework of the model of pn-pair interactions [6, 7] on the values of differences between the single-particle binding energies of last proton and neutron in the nuclei with N = Z. The value of R shl for 52 24 Cr is calculated with using the radius of nucleus 40 20 Ca, as one with completed shells, and N αpr = 2. For the nuclei with completed shells with N α > 12 the R shl is calculated by (2) . The values of R shl have deviation with the experimental data of the most abundant isotopes < ∆ 2 > 1/2 = 0.051 Fm [6] .
So one can say that a nucleus has a dense core with N α − N αpn clusters and some peripheral clusters placed at the equal distances from the center of the core. The size R for the nuclei with N α ≥ 12 does not depend significantly of the number N αpn = 0 ÷ 5.
The radius of a β-stable isotope R m is dependent on the volume occupied by the core. It is implied that only those nuclids stay β-stable that have proper amount of excess neutrons to make the radii R m equal to the size of the charge of the nucleus R.
Nuclear radii of Isotopes Stable to β-Decay
The experimental radii R exp of different isotopes belonging to one element differ from each other but the values are close and the differences are restricted within several hundreds of Fm. The radius of a nuclid R m (3) is calculated from the sum of cubic radii of its parts.
Let us consider first that there are four peripheral alpha clusters in the nuclei of even Z ( the mass number A and the number of the excess neutrons ∆N ) and four and half peripheral alpha clusters in case of nucleus with odd Z 1 = Z + 1 (the mass number A 1 and the number of excess neutrons ∆N 1 ).
The excess neutron pairs are in the core and in case of odd Z nuclei one excess neutron is stuck with the single pn-pair. The suggestion is supported by the fact that there is only one stable isotope 19 F (the abundance of the isotope is 100% [11] ). The link between the single pair with spin s = 1 and the excess neutron with s = 1/2 is explained by the spin correlation. The single neutron on the surface of the nucleus is not 'seen' by the electrons scattered on the nucleus in the experimental measurement of the radius R m . Then the radius of isotopes R m and R m1 of nuclei A and A 1 are calculated by the following equations [8] 
and
The equations (14) and (15) can be used to calculate charge radii R m of any β-stable isotopes.
For the β-stable isotopes with 6 ≤ Z ≤ 11 R m = R ch . For the nuclei with Z ≥ 12 R m is calculated by (14) and (15). For the nuclei with 6 ≤ Z ≤ 23 the radii R = R ch (2) and for the nuclei with Z ≥ 24 R is calculated by (9) and (10) .
The values of R and R m for the stable nuclei with Z ≥ 12 are presented in Table 1 . The radii are given in comparison with their experimental values. For the unstable nuclei with Z > 83 the radii R are given in Table 2 together with R m calculated for those α-decay isotopes that are stable to the β-decay [12] . Table 2 . Radii of α-decay isotopes stable to β-decay. ∆N stands for number of excess neutrons. Eq. (14) and (15) mean that the nuclei with Z and Z 1 have one core with the same amount of excess neutrons in it ∆N core = ∆N = ∆N 1 − 1, which leads to the relation between the mass numbers of neighboring nuclei A 1 − A = 3. Indeed, there is always an isotope with even Z = Z 1 − 1 with the mass number A less than A 1 on 3 in the β-stability path.
In case of stable nuclei R and R m have been calculated for the most abundant isotopes and for those nuclei that have mass numbers A = A 1 − 3. For the unstable nuclei the charge and matter radii have been calculated only for stable to β-decay nuclei with 84 ≤ Z ≤ 116 [12] with A = A 1 −3. In the Table the data for the nucleus with Z = 117 is given also in a supposition that it is β-stable.
In the Table the Unlike the even nuclei the odd nuclei have only one, rarely two β-stable isotopes [12] . The alpha cluster model based on pn-pair interactions [6, 7] provides some reasonable explanation for it. The analysis of the nuclear binding energies made in the framework of the model shows that the single proton-neutron pair on the nucleus periphery has six meson bonds with the six pairs of three nearby α-clusters with the energy about 15 MeV. This may constitute one big cluster which consists of three and half or four and half α-clusters. The four clusters on the periphery may be preferable due to α-cluster's features to have three meson bonds with the three nearby clusters, which corresponds to nucleus 16 O, and the single pn-pair ties up the three nearby clusters with the six meson bonds.
In Fig. 3 a distribution of the number of excess neutrons of β-stable isotopes on Z is shown. The chain of squares indicates the number of excess neutrons in the β-stable isotopes with their mass numbers A = A 1 − 3. The smaller squares scattered around the chain indicate the numbers of the excess neutrons of even β-stable nuclei with the biggest and the smallest A. The solid line indicates the number of neutrons calculated by the following equation Figure 3 : The number of excess neutrons of β-stable nuclei
The short dashed line indicates the number of excess neutrons calculated by (16) and (17) with R = 1.600N
1/3
α Fm. The line ∆N corresponding to R = R shl , see Fig. 2 [8] , is not presented here. In Fig. 3 it would be between the solid and the dashed lines and for Z > 85 it goes above the chain of the squares on several neutrons.
If in (16) one takes R = R m calculated by (14) and (15) for the isotopes A and A 1 being in the relation A 1 = A + 3, it is possible to estimate the width of the β-stability path. In Fig. 3 two long dashed lines indicate ∆N calculated by (16) with N αpr = 6 (lower one) and with the N αpr = 2 (higher line).
This fact that the stable isotopes of one nucleus have close values of radii is illustrated on stable isotopes of 20 Ca. The size of the nucleus has been estimated by a few ways. These are R = R ch = 3.507 (2), Table 1 , the value of 1.600 * 10 1/3 = 3.447 Fm and R shl = 3.480 Fm [6, 7] . The value of R shl was calculated in the α-cluster shell model, where nucleus 40 Ca is considered as a nucleus 20 Ne plus five α-clusters above it.
The radii R m of nuclei 40 Ca, 42 Ca, 44 Ca, 46 Ca, 48 Ca calculated (14) with the number of peripheral clusters 5, 5, 5, 3 and 2 the values of R m correspondingly are R 40Ca = 3.473 Fm, R 42Ca = 3.505 Fm , R 44Ca = 3.537 Fm, R 46Ca = 3.481 Fm, R 48Ca = 3.468 Fm. The radius R 43Ca = R 42Ca , because the last single excess neutron is not in the core consisted of zero spin objects, which are α-clusters and nn-pairs. It is supposed to be on the surface of the nucleus and is not seen by the light charge particle scattered on the nucleus.
The [4] . Both experimental and calculated values show that the radii of the stable isotopes are close within an accuracy of the experimental data deviation of 0.03 Fm.
The data for the most explored nucleus 40 Ca reveal the real accuracy of the data obtained from the electron scattering measurement of the root mean square radius of a nucleus. The deviation between the data taking into account the measurement errors can be up to 0.06 Fm. It is because the results of the analysis of the experimental data are still model dependent. It should define the minimal deviation expected to be obtained from theoretical calculations. From this point of view the most appreciated measurement [4] has been carried out with one model of analysis of data for several isotopes, revealing close but different values of the radii.
Conclusion
The size of a nucleus R can be estimated by a few ways in the framework of α-cluster model based on pn-pair interactions. These are R shl [6] , R ch (2), R (9) and (10), and R m (14) and (15). All these estimations have deviation with the experimental radii of the most abundant isotopes < ∆ 2 > 1/2 = 0.051, 0.054, 0.050 and 0.048 Fm correspondingly. The average deviation between the values is within 0.035 Fm
In calculations of root mean square radii R shl and R a representation of a core and a few peripheral clusters placed on the surface of the core at the same distances R p from the center of mass is used. The number of peripheral clusters N αpr is varied from 0 to 5 in calculations of R shl and N αpr = 4 in case of R.
The values of R shl , R ch and R have been calculated on the number of α-clusters disregarding to the number of excess neutrons. The values of R m is calculated from a supposition that the core occupies some volume determined by the alpha cluster matter and the matter of neutron-neutron excess pairs.
The pn-pair interaction model [6] provides an explanation of the fact that the nuclei with odd Z 1 = Z + 1 have only one, rarely two β-stable isotopes A 1 , whereas the nuclei with even Z, have considerably bigger verity of A. The single proton-neutron pair has six meson bonds with the three peripheral α-clusters with a large energy ∼ 15 MeV, which constitutes one big peripheral cluster of three and half or four and half α-clusters with one excess neutron stuck with the single pn-pair due to spin correlations between the pair with s = 1 and the neutron with s = 1/2. Therefore the nuclei A 1 and A = A 1 − 3 have one core and this chain determines the β-stability path.
It is shown that values of < R do not depend significantly on the number of peripheral clusters. For the case of different numbers of peripheral clusters the different numbers of excess neutrons is needed to have the radius R m = R. This can determine the width of the β-stability path for the even nuclei.
The equations (14) and (15) can be used to calculate charge radii R m of any β-stable isotopes. The radii R m of the most abundant isotopes are given in comparison with their experimental values. The radii for the isotopes stable to β-decay with A and A 1 related with the equation A = A 1 − 3 for all nuclei with 12 ≤ Z ≤ 116 are presented in Tables. The deviation between R m and R < ∆ 2 > 1/2 = 0.031F m.
For calculation of the radii two parameters have been used. This is the matter radius of a core α-cluster 1.500 Fm and the radius of one neutron of the core nn-pairs 0.840 Fm. The values may differ for various nuclei. However, as it is shown here, they do not change considerably.
